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LONDON, EDINBURGH, AND DUBLIN 
PHILOSOPHICAL MAGAZINE 
AND 
J OIJRWAL O F  SCIENCE. 
[ F I F T H  SERIES.] 
XIX. 0 7 2  the Electricity of Plume. 
By JULIUS ELSTER and HANS GEITEL*. 
[Plate IV. figs. 1-41 
$ 1. h~troduction. 
N the electricity of flame there is already a long series of 0 memoirs; but in many respects they contradict one 
another, both in regard to the results and also to the views 
advocated by the different authors as to the cause of flame- 
electricity. As Holtzt  has briefly given a very perspicuous 
digest of all the memoirs which refer to the electrical beha- 
viour of flames, a reiterated historical quotation of them in this 
place may certainly be dispensed with. 
The origin of the electrical difference can be accounted for 
by the following three causes:- 
(I) The electricity of flame is caused by the process of 
combustion as such (Pouillett, Wankel$). 
(2) I t  arises from the flame behaving to the metals intro- 
duced as electrodes like an eIectrolyte (Mattemui(l). To this 
explanation, evidently, no other meaning can be attached than 
that the different layers of the flame excite dieerently by con- 
tact the wires iininersed in them. For  shortness, we will 
* Trmslated from Wiedeinann's Amah,  1882, no. 6, vol. xvi. pp. 193- 
5100 idb. 
?Carl's Rep. xvii. pp. 260-294 (1881). 
$ Ant&. de Chim. et de Phys. xxw. p. 404 (1827). 
§ Pogg. Ann. lxxxi. p. 212 (1850). 11 Phil. Mag. 1854, viii. p. 309. 
Pld. iUg. 8. 5. Vol. 14. No. 87. Xept. 1882. M 
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162 MM. Elster and Geitel on 
in future designate this as the "electrolytic" theory, and, in 
correspondence therewith, speak also of ~ electrolytic" excita- 
tion by the flame. 
(3) ~ Its explanation is fbund in a thermoelectric difference 
of the electrodes (Buff)*. 
The theories which are deduced from the unipolar conduc- 
tivity of flame we may be permitted to pass without notice~ 
since~ as will result from the following im estigatien, sources 
of error may have prevailed here, causing the conclusions 
drawn from them to appear doubffnl. 
Besides these differences in respect of theory, however~ the 
different observers also adduce experiments which are abso- 
lutely irreconcilable with one another. This goes so far that 
even in regard to the question whether the positive or the 
negative electricity is that which is proper to flame no unity 
prevails. 
The reason of this lies in the fact that all the observers have 
overlooked a point that plays a very essential part in the elec- 
tricity of flames, namely the behaviour of the shell of air 
whicll immediately envelopes the flame. 
The maximmn of electromotive fbrce is always found when 
one wire is introduced into the latter, and another into the 
interior of the flame, as will be shown in the following. At 
the same tim% however, with the electrodes in this position 
the resistance of' the hot layer of gas separating the wires is 
uncommonly greater ; so that we can hardly reckon on mea- 
suring the intensity of the current with the aid of a multiplier ;
it is perhaps a consequence of this circumstance that all the 
observers who have investigated flame-electricity by means of 
that instrument have lost sight of the point above named. 
As hitherto, so far as is known to us, the electricity of flame 
has not been examined with an electrometer permitting exact 
measurements, it appeared to us of importance to test the 
electric behaviour of flame with Thomson's quadrant-electro- 
meter, and eventually to verify the correctness of one ot ~ the 
theories above cited. 
§ 2. Apparatus and Met]wd. 
In order to keep the charge of the needle of the electro- 
meter constant, it was connected with one of the poles of a 
Zamboni's barrel T consisting of 2400 pairs of plates, the other 
~ ole of which was led t,, earth. The double deflection pro- uced by a normal daniell varied 4 or 5 scale-divisions during 
* Lieb. A~, lxxx. p. 1 (11851) & xe. p. 1 (185:~). 
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the Electricity~ orS'lame. 163 
the time of the investigation, and amounted in the mean to 
112. To this normal danlell, putting its electromotive force 
--100, all the data given ili the following communication are 
referred. The scale was placed at 2 metres distance from the 
mirror ; and the deflection left and right from the position of 
rest was measured by means of a suitable turn-plate. 
In order to convey the electricity of the flame to the quad- 
rants, of which one was, as usual, connected with the earth~ 
straight wires were mostly employed~ or elech'odes fi'om 
liquids, which, fixed in suitable stands well insulated upon 
cakes of resin~ could be raised and lowered at pleasure. 
The experiments were made with well-insulated Bunsen 
burners and with alcohol flames. The flames of the former 
issuing from apertures of the usual width proved too flicker- 
ing, and therefore the measurements too uncertain. On this 
account a very small Bunsen burner was prepared fi'om a glass 
tube of 4 milfhn, width. Its upper extremity was surrounded 
by a platinum sheath, in order to avoid coIouring the flame 
by the gradually heating glass. When one electrode [the 
"base-electrode ~'](B, fig. 1) was immersed in the foot of the 
flame, and the other in its apex [the "apex-electrode "] (S, 
fig. 1), with the turn-plate in one position the foot of the flame 
was connected with the earth~ and the apex insulated ; with 
the other position the reverse took place. 
§ 3. Longitudinal Polarization of" the Flame. 
Hankel states that when one platinum wire is introduced 
into the apex of a flame and one into its base, a galvanometer 
indicates an electric current passing from above downwards. 
From this it might be inferred that the flame is polarized 
lengthwise. 
The corresponding experiment with the electrometer gives 
apparently the same result ; but in this case two very striking 
points are to be remarked. 
The first point is this :~ I f  the experiment be arranged as 
represented in fig. 1, the apex mostly appears, as in ttankeFs 
experiment~ negative to the base; but very often, and appa- 
rently without any external cans% the reverse takes place. 
The second is that when the metal from which the flame 
issues is connected with that quadrant which is conducted to 
earth, while the insulated electrode is introduced at different 
heights s above t~he bas% by suitably shifting the insulated 
electrode within a cross section the appearance of a consLant 
potential within the flame is easily attained. 
M2 
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164 N3¢I. Elster and Geitel on 
Thus the electromotive force (E) was determined as fol- 
lows :--for 
milllm. 
s= 1 E=10~ 
8=20 E=104 
s=60 E= 94 (wire at the extreme apex). 
Lastly, as a third noteworthy point may be added that the 
electromotive force is independent ofthe size of the flame, and, 
consequently, of the amount of the burning gas. This is evi- 
dent from the following experiment:-- 
By regulating the admission of the gas~ over the same 
aperture of the burner three flames of different height h were 
produced, and their apices connected with the insulated pair 
of quadrants by a clean plate of platinum. There were found, 
for 
h=20 h=35 h=70 
2E=73"7 E=75 E=73"9~ 
consequently the electromotive three E independent of the 
height h of the flame. Two subsequent series of experiments 
gave the same result. Here the arrangement of the experi- 
ment was that shown in fig. 2 a. There were found~ for 
1st series. 2nd series. 
h=20 E=142 E--213'2 
h=40 E=145 E=219"2 
h=70 E=142 E=216"0 
The reason of the value of E being here so much higher will 
appear subsequently. 
§ 4. Pola,Hzation of ttw Fhmw in tlw Cro~,'s Section. 
If the flame were polarized lengthwise, the surthees of equal 
potential would be given by planes perpendicular to the axis 
of the flanae. On examining cross sect:.ons of this sort~ the 
surprising result was obtained that, if the two platinum wires 
laterally introduced penetrate the flame to an equal depth, the 
difference of potential within one and the same cross section 
=0, but that with a slight horizontal displacement of either 
electrode a difference of potential often appears, which equals 
that produced by the vertical displacement or far exceeds it. 
The latter takes place whenever one of the electrodes no longer 
dips into the flame, but into the enveloping shell of hot air 
(AA'~ fig. 1). The layer of air immediately enveloping the 
flame plays therefore an essential part in the electrical be- 
haviour of the flame. 
D
ow
nl
oa
de
d 
by
 [R
M
IT
 U
niv
ers
ity
 L
ibr
ary
] a
t 2
0:0
4 1
9 J
un
e 2
01
6 
tIw Elects,icily of Flame. 165 
I-Ienc% in order to avoid possible errors~ it appeared advi- 
sable to cover as much of the electrodes as was not within the 
flame with an insulating coat~ which could easily be done by 
thsing the platinmn wires into glass tubes. The wire project- 
ing out of the glass was just long enough to reach from one 
margin of the flame to the other. 
If~ now, two such platinmn wires were placed opposite one 
another in one and the same cross section of the flam% and one 
of them was continually moved further and further from the 
other~ with its complete withdrawal fl'om the flame a very con- 
siderable increase of the electromotive fbrce occurred ; it rose 
from 12 to 192 ; and the electrode which was in the layer of 
hot air was positive. 
Aeeordingly~ a flame gives the maximum of action when 
the apex-electrode is introduced into the hottest part of the 
flare% and the base-electrode into the sensitive hot layer of air~ 
about as represented in fig. 2 a. 
Let it be further remm-ked that with this arrangement of
the experiment a reversal of the polarity of the flame was never 
observed by us~ and that all earburetted-hydrogen flames ex- 
hibited the same b haviour. 
§ 5. On the Chan(je of the Polarilj qfa Flame. 
It was mentioned in § 3 that one and the same flame appears 
sometimes positive, sometilnes negative. Since, then, the 
wire introduced into the air envelope becomes highly positively 
electric, it is clear that uncommonly much will depend on how 
the electrodes are introduced into the flame. I f  it is wished to 
have the apex of the flame negative, the apex-electrode must 
be completely enwrapped in the flame; in the other case~ 
especially if the base-electrode ips quite into the flame, the 
electric excitation of file enveloping air stratum may prepon- 
derat% and consequently the flame appear positive. I f  this is 
the true explanation, it must be possible artificially to change 
the polarization of a flame. 
Of the experiments with alcohol-flames we note the follow- 
ing ; the positions of the platinum electrodes are given in 
fig. 2 a, b, c, d, e. In fig. 2 a the base-electrode 13 is iu air at 
about ½ millim, distance fi'om the margin of the flare% and 
will now be gradually pushed in till (fig. 2 c) it touches both 
margins of the flame. ]['he apex-electrode S has had this 
same position from the beginning. The electrode B was then 
left in this situation and S gradually drawn out of the flame 
until it was all in air (fig. 2 e). The deflections were as fol- 
lows ;--  
D
ow
nl
oa
de
d 
by
 [R
M
IT
 U
niv
ers
ity
 L
ibr
ary
] a
t 2
0:0
4 1
9 J
un
e 2
01
6 
166 MM. Elster and Geitel o~ 
Position of rest of the electrometer-needle: 511"0. 
Daniell = 100. 
Position of Orientation of Electromotive 
electrodes, needle, force. 
a 439'0 + 144 
b 485"0 + 52 
c 510"5 + 1 
d 547"0 -- 72 
e 572"0 --122 
(The sign placed before E gives the direction of the electric 
excitation of the electrode B.) 
Or, in words:-- 
As long as B is outside of the flame it is positive, S negative 
(ft .  2 a). 
When B is in the margin of the flame, the defection dimi- 
nishes, but B still remains positive, S negative (fig. 2 b). 
When B and S are equally immersed in the flame the needle 
returns to its resting-position (511); deflection 510'5. There- 
fore, with the position fig. 2 c, E=0.  
If S is now drawn back into the margin of the flame 
(fig. 2 d), it becomes positive, B negative; the polarity of 
the flame is therefore rex ersed. And when, finally, S is quite 
outside of the flame (fig. 2 e), it is strongly positive ; conse- 
quently it behaves exactly as did the electrode B in the initial 
position (fig. 2 a). 
With a suitable position of the electrodes, consequently, the 
flame is hown to be not polarized lengthwise at all. This 
proves that the longitudinal polarization of the flame is only 
apparent, called forth by the unequal immersion of the two 
electrodes. At the same time the second point, the constancy 
of the value of the potential in the flame, is hereby explained. 
The reversal of the polarity can likewise be shown with a 
gas-flame; only it does not bring back the electrometer-needle 
quite to its position of rest, a small 4- deflection of from 5 to 
l 0 scale-divisions always continuing to subsist. 
A bisulphide-of-carbon flame shows the reversal of the 
polarity in like manner as a spirit-flame, which is interesting 
inasmuch as in it the chemical process is fundamentally dif- 
ferent. 
Leaving quite out of consideration provisionally a proper 
electricity of flame, the electrical phenomena in question might 
be essentially conditioned by contact of the metals with the 
hot air and the gases of the'flame. Itmight then be expected 
that the electromotive force would epend on the nature of tho 
metals~ as well as on that of the burning gases. 
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t he Electricity of Flame. 16 7 
A series of very carefully made experiments ]lave most de- 
cisively confirmed both these conclusions. 
§ 6. Dependence of the Electromotive Force upon the 2¢-oture 
of the Metals. 
I f  a platinum electrode is brought into the base of the flame 
or into the sensitive stratum of air while the apex is, as exactly 
as possible, at the same place conducted to earth, considerably 
different values are obtained, according to the nature of the 
conducting metal. In the series of experiments recorded in 
the following table the position of the electrodes was that 
represented in fig. 2 a. B, as well as the flame itself, remained 
unmoved during the whole time of a series of experiments, 
while ~he apex-electrode S consisted successively of wires of 
platinum, iron, copper, and aluminium. The experiments 
were made with the non-luminous flame of the small Bunsen 
burner described at the commencement. 
TABLE I. 
The flame-apex dectricity Electromotive force for D = 10O. 
conducted away by Series of experiments. 
I. II. IIL IV. 
Platinum 49'6 116"0 157'2 188'4 
Iron . . . .  64"3 139"0 173"8 232"0 
Copper . . . . .  153"2 208"8 264'0 
Almninium. . 171"0 237'0 268"8 364'0 
In all four series the flame shows itself very highly electric 
when conducted away by aluminium, less so with conduction 
by copper~ sil l more feebly on the employment of iron ; and 
the smallest ~ alucs are obtained with conduction by platinmn. 
When both electrodes dip into the flame the result is com- 
pletely analogous; and i~ is just the same when, instead of the 
non-lmninous gas-flame, a lmninous gas-flame or a spirit- 
flame is employed. The peculiar position of aluminium also 
with such an arrangement of the elecerodes and the employ- 
ment of such flames follows from Table II. 
TABLE II. 
.4_pex of flame conducted-from by Electrodes 
Kind of lame. Platinum. Almninimn. as in 
Ordinary Bunsen burner 74"2 149"2 Fig. 2 b 
Luminous gas-flame . 49"6 112'2 Fig. 2 b 
Spirit-flame . . . .  160"0 278"0 Fig. 2 c~, 
The base-eleetrode~ in all the series of experiment% consisted 
of a platinmn wire. As the wires employed were not of equal 
thickness, we made another series of experiments with three 
plate% of exactly equal thickness, of aluminium, copper, and 
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168 MM. Elster and Geitcl on 
platinmn, which were introduced into the apex of a pure- 
alcohol flame. In the gas-flame there was always a fusion of 
the almninium, altering the shape of the electrode. The pos- 
sible source of error herein contained also disappears when a 
spirit-flame is employed, The determinations of the electro- 
motive force of the flame were :--when its apex was conducted- 
from by 
The platinum plate 120"1 
The copper plate . . 166"0 
The aluminium plate 301"5 
Sodium and magnesimn are more negative than aluminium, 
as will be seen from the following numbers : -  
Flame conducted-from by :Electromotive force. 
Platinum wire . . . . . .  119 
Aluminium wire . . . . .  198 
Magnesium ribbon . . . .  221 
Sodium . . . . . . . .  338 
The last two metals were introduced into the lower part of 
the flame, in order to prevent their ignition. The sodium was 
a piece of the size of a bean~ with a bright cut surface. 
The relative position to ne another of all the metals em- 
ployed is specified by the following numbers : -  
Gold (not pure) ] 
Platinum }- . 150 
Silver (not pure).J " 
Purchased wires of Iron . . . . . . .  170 
Copper . . . . . .  200 
Aluminium . . . . .  300 
[ Magnesium . . . . .  320 
Sodimn . . . . . .  500 
A Daniell's element -----100 
It is consequently put beyond question that the electric 
condition of a flame depends essentially upon the nature of the 
metal conducting from i~; but that nevertheless the quality 
of the surface of the electrode which is in air plays also an 
essential par~ was evidenced by the fbllowing experiments:-  
I f  the insulated base-electrode in air be wetted with water 
or a salt-solution while the apex of the flame communicates 
with the earth, a very considerable diminution of the electro- 
motive force immediately takes place, especially when a solu- 
tion of potassium chloride is employed. 
A perfectly clean platinum wire, employed as the base- 
electrode, gave E=184;  when it was wetted with distilled 
ware b E instantly fell to 134, passed through the values 148~ 
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tl~e Electricity of Flc~me. 169 
160, and was finally constant at 170. That the former value 
184 was not again reached after the evaporation of the water 
may probably be accounted for by a slight impurity of the 
(commercial) distilled water. 
Still more s~riking was tile phenomenon when a solution of 
potassiuln chloride was employed. Here likewise an instan- 
taneous diminution of the electromotive force from 184 to 74 
took place; and when the wire was once hastily drawn through 
the flame so that small particles of fused potassium chloride 
overspread it, the electromotive force fell quite to 16. This 
value could not be increased by any shifting of the electrode; 
so that the cause of this great diminution cannot possibly be 
the unavoidable change of' place of the electrode concerned. 
Finally~ let us mention one more circumstance belonging 
to this--namely that freshly annealed wires~ used as electrodes 
in the air stratum~ always give higher values than those which 
have remained a longer time (say ten minutes) exposed to the 
air--the explanation of which behaviour, even in the case of 
platinmn, can only be found in an alteration of the quality of 
the surface. 
§ 7. I~epetltlo~ of tt~e .Ex2)e~'iments with Liq,id Electrodes. 
In order to completely avoid the contact of the fame-gases 
with metals, liquid electrodes~ of the form represented in fig. 3, 
were employed. By the pressure of the liquid column in the 
glass tube 1~ a drop was pressed out of the fine aperture a, 
which was then brought into the air surrounding the flame, 
and as near as possible to its base. A U tube served to put 
the flame of a Bunsen burner constructed entirely of glass 
into communication with the earth, one leg of which ascended 
the inner cavity of' the burner. Both the glass electrodes were 
filled with distilled water, into which clean platinum wires 
(Pt) dipped. When the two water columns in the electrodes 
were connected irectly with each other~ the electromotive 
force called forth by the heterogeneity of the platinum elec- 
trodes amounted, at the maximum, to 0"05 danietl. 
)Io% in all the experiments~ the electrode which was in air 
was charged in the same sense as  metallic electrode; it 
likewise was positive, though the electromotive force was cer- 
tainly much weaker. The mean values from three series of' 
experiments were the following:-- 
E=51~ E=51,  E=56,  
while two platinum electrodes at the same flame gave wdues 
which lay between 150 and 180. 
A similar series of experiments were performed with a 
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170 5I~I. Elster and Geitel o~t 
spirit-flame, in which direct contact of any metal with the 
flame was likewise avoided. The conduction to earth took 
place by means of a platinmn plate dipping into the alcohol of 
the lamp, and connected with the earth-conduction by a pla- 
tinum wire. In addition to the electrode represented in fig. 3~ 
a wet string wrapped tightly round a glass rod was employed. 
The electromotive force was then determined:--For the 
Water electrode in air . E = 24, 
Wet string in air . . E'-" 58 ; 
For a platinum electrode E = 99. 
That lower values likewise result for the latter than in the 
previous experiments cannot be surprising, since in this 
arrangement of the experiment there is no second metal dip- 
ping into the flame itself. 
A direct determination of the combination platinum, water, 
alcohol, platinum gave a maximmn of 11"6 for a daniell= 100; 
so that the observed electromotive force cannot be produced 
by this. 
In employing the wet string, care must be taken not to 
place it tangentially near the flame; for then small fibrils 
might project into the flame itself, by which, for the reasons 
above discussed~ a reversal of the polarity of the flame might 
easily be induced. 
The above-communicated values being so much lower than 
on the employment of platinum electrodes may be accounted 
for by the conduction to earth by distilled wafer or alcohol 
being always very imperfect. On this account it seemed 
advisable to examine the behaviour of a water electrode over 
against a platinum electrode. If the apex of the flame is con- 
ducted-from to earth by a platinum wire, the water electrode 
which is in air is positive only so long as the platinum wire is 
completely enveloped by the flame ; if it be drawn so thr out 
that it also is entirely in the hot-air stratum~ the polarity of the 
electrodes i reversed--the platinum wire being positive, the 
water electrode negative. For example, in an experiment of 
this kind, by the drawing-back the electromotive force was 
raised from -- 112 to + 60 (the signs refer to the metal elec- 
trode). From this it follows that metals in contact with hot 
air become more strongly positive than liquids, but that liquids 
in contact with heated gases exhibit nevertheless a similar 
behaviour to that of metals. Accordingly we must not directly 
infbr, from the fac~ that flames show themselves electric even 
when all metals are avoided, the existence of a peculiar elee 
trieity of flame. 
The complete analogy of behaviour between metal and water 
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electrodes appears also fi'om the kind of metal which conducts 
from the flame to the earth aving an essential influence upon 
the result. When the base-electrode was formed by water, 
and the electricity conducted from the apex of the flame by 
different metal plates of equal thickness, determination f the 
electromotive force E~ when the conductor was 
A platinum plate, gave E= 73"6~ 
An aluminiunl plate, gave E = 176"8. 
The electromotive force of the combination aluminium, flame, 
hot air, water~ platinum is therefore as much again as that 
between platinum, flame, hot air, water, platinum, completely 
in accordance with the previous experiments with two metal 
electrodes. 
§ 8..Dependence of t/re .Electromotive t;orce on the .Nature of the 
_Flange. 
Since the electromotive force of flame depends on the nature 
of the metal introduced into it, it is to be expected that~ when 
the constituents of the flame-gases are changed, an alteration 
of the electromotive force must also occur. Such an altera- 
tion can be readily brought about by introducing, for example, 
a bead of soda into the flame, on a well insulated wire. Indeed 
a deflection of the electrometer-needle then takes place imme- 
diately; only with sodimn there is the great inconvenience 
that within a short time the entire atmosphere of the room is 
so impregnated with sodium vapour that the flame burns with 
a strong resemblance to a sodium-flame, which affects the trust- 
worthiness of the results. On this account a salt to which 
flame is less ensitive was chosen, amely potassium chloride. 
It was first ascertained~ bya series of careful experilnents~ 
that the introduction eta well-cleaned and insulated platinmn 
wire into the flame did not alter the electromotive force. It 
may be sufficient to allude to this point here~ as we shall sub- 
sequently return to it. 
When the electrodes are in the position shown i  fig. 2 a, 
and a bead of potassium chloride is introduced on an insulated 
platinum wire, the needle receives an impulse which indicates 
an increase of the electromotive force ; but it quickly goes 
back again, and~ indeed, far below the value of the deflection 
which had been given with a pure flame. According to this, 
there was a diminution of the electromotive force ; but it was 
only an apparent diminution ; for if the bead of potassium 
chloride be now taken out of the dam% the needle approaches 
still nearer to its resting-place. This indicates that with the 
electrode which was in air an alteration must have taken 
place. Upon it a thin dash &potassium chloride has formed~ 
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172 MM. Elster cmd Geitel on 
so tha~ the platinum wire, introduced into the flame, burns for 
a moment like potassimn. As soon as the eolouring of the 
flame is over, the same wire, used as the electrode in air, again 
gives the usual (mostly somewhat higher) values. 
The apparent diminution of the electromotive force is con- 
sequently caused bv the coating of the electrode which is in 
air with potassium ehlorid% corresponding to the experiment 
recorded in § 6. 
In the following Table, E denotes the electromotive force 
of an absolutely pure non-luminous gas-flame; Ek, the electro- 
motive force of the same flame when a bead of potassium 
chloride is introduced; E ~, the electromotive force of the flame 
after removal of the bead, but with the electrodes B and S 
(fig. 2 a & e) covered with Ka C1. Accordingly E~--E / repre- 
sents the increase of electromotive force produced by the intro- 
duetion of the Ka CI. 
Series. E. E E'. E~-E'. Position of the 
• electrodes a in 
I. 150 60 26 34 1 Fig. 2 a. 
II. 171 111 80 31 ) 
I I I .  182 142 30 112 ) 
IV. 174 132 75 57 j~ Fig. 2 e. 
The reason that the values of E~--E z show so little accord- 
ance lies in the impossibility of making two series of experi- 
ments under exactly the same conditions. Besides depending 
on the position of the electrodes, E~--E ~ depends~ in a more 
complicated manner, on this--into which part of the flame 
the potassium-chloride b ad is introduced. Nevertheless the 
above numbers prove that an increase of the e!eetromotive 
force is produced by the vaporization of the potassium chloride 
in the flame. This can also be verified on the employment of 
liquid electrodes. 
Different flames being employed, the following values were 
obtained for the electromotive three when platinum electrodes 
were introduced in the position fig. 2 a: - -  
Flame. E. 
(1) That of a Bunsen burner 180-200 
(2) A lmninous gas-flame 180-200 
(3) Stearine candle-flame . . . .  180-200 
(4) Spirit-flame . . . . . . .  180-200 
(5) Magnesimn-flame . . . . .  20- 30 
(6) Bisulphide-of-carbon flame • 85-1.00 
With magnesimn the experimental difficulties are very 
great. Here it could not be ascertained with certainty whether 
the air-electrode was excited positively, as was at other times 
the case with all flames, or negatively• 
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§ 9. Combination of ~eve~al Flame~. 
We have still to mention that flames can be combined in 
exactly the same manner as galvanic cells~the base of one 
flame being connected with the apex of the second, the base 
of the second with the apex of the third, and so on, by wires. 
Three Bunsen burners, connected in this manner by copper 
wires, gave the following deflections at the electrometer:-- 
1 burner 80 scale-divisions. 
2 burners . 156 , (160) 
3 ,, 245 ,, (240) 
With perfect equality of the burners the numbers in brackets 
might have been expected. Twenty-five spirit-flames, com- 
bined in this way into a battery, produced at the electrometer 
a deflection too small to be measured by nfirror and scale. At 
all events the intensity of the current which set in was, on 
account of the great resistance within the flames~ very little. 
A sufficiently sensitive multiplier to prove the latter point was 
not at our disposal. 
§ 10. b'ummary oj" tl~e Results. 
1. The longitudinal polarization of flame is only apparent~ 
and is called forth by unequal immersion in the flame of the 
wires employed as electrodes. 
2. The flame appears to be strongly polarized in its cross 
section; and the electrode which is in the stratum of air ira- 
mediately enveloping the flame is alw,~ys positive t~o the elec- 
trode in the flame. 
3. In agreement with the points I and 2, the electromotive 
force is independent of the magnitude of the flame. 
4. Change of polarity of the flame can be called forth by a 
suitable displacement of the electrodes, and likewise finds its 
explanation in points 1 and 2. 
5. The electromotive force of the flame is dependent on the 
nature of the metals used as electrodes, and on that of the 
burning gases. It appears singularly powerflflly electric 
when aluminium or magnesimn is made use of as the metal 
conducting from it; singularly feebly when the electrode in 
air is covered with a salt (potassium chloride). 
6. Unequivocal electrical effects are likewise obtained from 
the flame when water electrodes are employed and every metal 
excluded; and the electrode which is in air is likewise positive 
to that in the flame. All the above propositions can be con- 
firmed with liquids, so thr as their nature permits. 
7. Flames can be combined after the manner of galvanic 
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elements; consequently a number of them can be united to 
form a "flame battery." 
§ 11. Tl~e~'moelectrical Bel~aviour of Platinum Wires 
sejoarated bj a Stratum of Hot Air*. 
The phenomena above discussed can be naturally explained 
both from the thermoelectric and the electric theory; but we 
soon arrived at the conviction tha~, so long as experiment was 
made on the flame itself, a decisive experiment for the one or 
the other theory could not be instituted, especially if the 
existence of a peculiar flame-electricity (hitherto excluded 
from our considerations) were assumed in order to aid in ex- 
plaining the phenomena. Hence it was necessary to consider 
the matter ii'om another point of view, and to discover a 
method by aid of which wires at different emperatures in hot 
air could be examined as to their respective electrical beha- 
viour. Of course in this case the hot air would not proceed 
from a flame, and therefore would not be mixed with the pro- 
ducts of combustion. 
Starting from these views, we employed the apparatus repre- 
sented in fig. 4. a b is a fine platinum wire stretched between 
two copper wires x and ~j, which can be rendered incandes- 
cent by a battery of two Bunseu elements B. At the point u, 
its electricity, and with it also that of the battery, was con- 
ducted to earth and connected with one pair of quadrants of 
the electrometer. A second platinum wire, c, was connected 
with the insulated pair of quadrants, and could be brought o 
any degree of proximity to the wire a b. This movable wire 
was placed so as to be as near as possible to the point u ; if a 
thermoelectric difference then arose from the incandescence of 
the wire a b, it was necessarily announced by the electro- 
meter. 
There is, however, in this experiment a sonrce of error to 
be mentioned. As it would be inadmissible, and even (with 
precision) impossible, to place the wfi'e c exactly opposite to 
the point u, a difference of potential might also possibly arise 
from the circumstance that ~he potential-difference of the 
points u and v on the stretched wire a b traversed by the cur- 
rent would be measured through the intervention of the con- 
ductivity of the heated air. in order to be independent of
this, a turn-plate W1 was inserted in the circuit, by which the 
direction of the current in the wire a b couhl be altered. I f  
* The electric excitation here occurring is taken into consideration in 
this place only so far as it is immediatety connected with the electricity of 
flame. The general treatment of this phenomenon is reserved for a future 
communication. 
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with one position of the turn-plate the value of the potential 
is + x~ it will be converted into --x by rotating the turn-plate; 
that is, the direction of the electrometer-deflection must be 
right or left according to the position of the turn-plate W1. 
The circmnstanee here discussed, indeed, rendered a small 
correction ecessary. Assuming that the wire c would behave 
like a platinum electrode introduced into the hot stratum of 
air of a flame~ we can denote the value of the potential upon 
it by + e. To this value + e the value of the potential at the 
point v will be added or subtracted from it, according to the 
position of the turn-plate W1. If we denote by si and s2 the 
deflections of the electrometer corresponding to the two posi- 
tions of the turn-plat% we have 
e + x-'= sl~ e - -  ,v--  8~ 
consequently sl + s~ (2 ~--~- - ~ .  
If the earth-conduction is brought~ not to the point u, but~ 
~ay, to the point r, this method still remains applicable; only 
now ~v frequently ~e, which for the moment slightly disturbs 
the clearness of the experiment. 
The result was now obtained that a platinum wire c, brought 
near to the incandescent wire~ received a powerthl positi~'e 
charg% consequently behaved like the base-electrode of the 
flame. The agreement goes so far that even the ~ nines of the 
electromotive force lie withiu the same limits. Nay, the 
analogy between the two phenomena is still closer; for nearly 
all the experiments above given for the flame can be repeated 
with such an incandescent wire. 
The electromotive force, besides depending on the distance 
of the wire c from the wire a b~ turns out o be dependent 
on:-- l ,  the state of incandescence of the wire ab; 2~ the 
quality of the surface of the wire c. 
The correctness of these propositions follows from the ibl- 
lowing Table, in which the numbers ar% for clearness~ reduced 
to equal sensitiveness of the electrometer. (A double deflec- 
tion of the daniell-= 100.) 
TABLE III. 
Series 1 (.v:>e). Conduction to earth in the point r (fig. 4). 
x+e. x -  e. e. Position of the wire c.
+151"0 --10"0 161"0"} 
+150"6 --16"1 166"7~½ millim, above ab (fig. 4). 
+169"5 + 6"0 163'5) 
+155"0 -- 3"0 158"0) 
+ 163'9 + O"S 163"1 j> ½ millim, laterally from ~ l,. 
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When the wire c was brought half a millimetre below the 
wire a b, there was no constant orientation of the electrometer- 
needle. The following are the maximum values obtained : - -  
~V-~- e .  X - -  e.  e .  
129 --9 138 
Series 2 (e > x). Conduction to earth in the point u. De- 
pendence on the state of incandescence of the wire a b. 
Incandescence of the wire a b. e+x. e--x. e. 
Dull red . 54 42 96 
Bright red . . . .  86 83 169 
White . . . . .  74 42 116 
The last series of experiments show that, with the same 
position of the wire c (1 millim, above a b), the value of e is 
lower at a white heat than at a bright red heat--a very sur- 
prising cireumstanc% but confirmed by many control expe- 
riments. 
I f  the wire c be covered with a coat o£ potassium chlorid% 
the electromotive force sinks considerably; in one experiment 
it fell from 188 to 34. 
The wire c was now replaced by a water electrode (fig. 3) 
or a wet string. The experiments howed indubitably that 
liquids also, separated from glowing platinum by a stratmn 
of hot air~ become electrically excited; only this' excitation, 
exactly as with the flare% is much less. The results wer% 
with 
e-l-.~v, e- -X .  e. 
c a platinum electrode 85 84 169 
c a water electrode 26 15 41 
c a wet string . . . . .  26 24 50 
Accordingly, f i 'om the fact that .flames show themselt, es di- 
stlnctly electric even when all contact with metals is avoided, it 
must not at once be concluded tltat they l~ave an electricit~ pecu- 
liar to them. 
Let it be further emarked that, both when the wet string 
and when the water electrode was employed~ the amount of 
the potentlal-difference between a 5 and the wire in contact 
with the liquid of the electrodes, when directly connected by 
water, was determined before the definitive experinlents. The 
deflection of the electrometer-needle amounted for it to only 
a few divisions of the scale; so that no source of error could 
spring from this. 
The phenomena here discussed, which had not, to our know- 
ledge, been before observed, stand evidently in the closest con- 
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nexion with an experimeflt described y Edlund *--namely, 
that when the incandescent carbon points of the electric lamp 
are connected by a multiplier immediately after the extinc- 
tion of the flame-ar% a strong therlnoelectric current is indi- 
cared. It follows also from the above-communicated experi- 
ments that if the carbon points in the fiame-are are in different 
degrees of ignition (it is well known that the positive is the 
hotter; this condition is therefore fulfilled), an electromotive 
counterforce must aris% the quantity of which essentially 
depends on the nature of the conductors between which the 
flame-arc passes--a deduction which has already been verified 
by Edlund. 
The positive electrod% as the hotter, must behave like the 
incandescent wire in our experiment~that is~be thermoelec- 
trically negatively excited~--which indicates the rise of an 
electromotive counterforce. 
§ 12. Dependence of tl~e Electricity of Flames on the State of 
Yncandescenee of the LYectrodes. 
Having thus shown that platinmn wires, as well as water 
electrodes, in contact with hot air are electrically excited~ we 
return to the electricity of flame. 
The method discussed in the preceding section permits also 
the determination of the electromotive force of the element 
"incandescent platinum, hot air, flame-gases, incandescent 
platinum," if the wire a b is introduced into the stratum of 
hot air, and the wire c into the apex of the flame. 
As long as the wire a b (fig. 4) does not glow, it is positive 
to the wire c in the flame ; but as soon as it becomes incan- 
descent a negative value is added to the positive value of the 
potential; therefore the potential-difference b tween the two 
electrodes must undergo a diminution. This inference was 
completely verified by experiment. 
In the following~ E denotes the lectromotive force of the 
flame when c is incandescent and the wire a b not~ and e the 
electromotive force of the flame when both wires are incan- 
descent. Of necessity e would be ---E if the incandescence of 
the wire a b had no influence; yet there resulted :~ 
Series I. 
254 148 
246 147 
216 116 
Series II. 
134 47 
122 50 
114 37 
'~ Pogg, Ann. exxxi, p. 586 (1850)~ &cxxxiii, F. 353 (1861). 
Phil. ~ff.ay. S. 5. Vol. 14. :No. 87. Sept. 1882. :N 
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consequently always a considerable diminution of the electro- 
motive force. 
The difference of the numbers in one and the same column 
arises from the circumstance that for each new determination 
the wire a b was brought into a somewhat different place at 
the margin of the flame. 
An experiment which likewise proves the dependence of
the electromotive force on the state of incandescence of the 
electrodes, but which is not so free fi'om objection as the 
above, is the following :--The electrode S (fig. 2 a) was re- 
placed by a platinum pan~ and the electromotive force E deter- 
mined. "Water was then introduced into the red-hot pan, 
and, as soon as it boiled, the quantity E measured again. 
When the whole of it was evaporated and the pan again red- 
hot, the first experimel:~ was repeated for a control. In this 
the turn-plate W (t~g. 1) was placed so that the platinum pan 
was conducted-fi.om to earth. A long series of experiments 
constantly gave the same result~ namely a considerable dimi- 
nution of the electromotive force with diminution of the tem- 
perature of the pan. For example, 
(1) With the pan red-hot . . . . . . . .  E--216 
, . at 100 ° . . . . . . . .  E=152 
, ,, red-hot (control-experiment) E ---- 213 
(2) ,, , red-hot . . . . . . . .  E=196 
,, , at 100 ° . . . . . . . .  E = 118 
,, ,, red-hot (control-experiment) E = 197 
These experiments, without the confirmation afforded by 
the preceding experiment, did not appear to us definitive, 
because an alteration of E might possibly be effhc~ed by the 
evaporation of the water and by the wetti'{lg of the outside of 
the pan. But from the former experiment i was already 
evident hat the electromotive force is the greater the greater 
the difference of temperature b tween the electrode in the flame 
and that in the air. 
§ 13. T]~ermoelectrical Be/taviour of Wires wlt/tin a Flame. 
In contradiction to the fundamental experiments adduced 
in the last section stands the fact that, in spite of great differ- 
ences of temperatur% no thermoelectric excitation takes place 
when both electrodes dip equally into the flame. With the 
electrodes arrauged as represented in fig. 2 c it is easy to place 
the electrode B so that it does not glow while S is intensely 
white-hot ; but in spite of this the electrical forces which arise 
are very slight, as the following experiment shows:-- 
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Electrode S (fig. 2 c) white-hok Base-electrode B 
In the flame (fig. 2 c). In air (fig. 2 a). 
Dark E I = + 4 
Red-ho£ E '= +3 E= +150 
White-hot : E r = - -  6 
The sign prefixed refers to electrode B. 
Also when the electrodes are in one cross section of the 
flame and at the same time dip completely into it, in spite of 
great differences of temperature the electromotive force is very 
small. If the wires a b and c (fig. 4) were brought into the 
coolest (lowest) part of an alcohol-flame, E was ascertained to 
be 23. By a suitable shifting of the wire c this could be 
reduced to 6, notwithstanding that c was not red-hot while 
a b was put into a dazzling white incandescence by an electric 
current. The reason for this surprising behaviour appears to 
be that the flame-gases, being relatively good conductors in 
comparison with the hot air, pre~ent he electrical difference 
from being completed. This would also be confirmed by the 
fact that, in the experiments with wires in air, the maximmn 
is found when the wire a b is bright red-hot. White-hot wires~ 
when the electrodes are in the same position, constantly give 
lower values for the electromotive forc% as we have already 
mentioned above--which, we think, can only be accounted for 
by the conductivity of the surrounding air being so augmented 
by the strong heating that it forms as it were a secondary 
closing of the circuit. 
§ 14. Cases i~ which the Thermoelectric Excitation predomi- 
nates over tlw Elect~'olyti G and vice vers,~. 
The view last discussed explains also very naturally the 
experiment mentioned in § 4~ that the electromotive ibrce 
rises from 12 up to 190 as oon as the electrode B (fig. 2 a) 
is drawn quite out of the flame. The moment this takes place, 
the secondary closing formed by the flame is removed, and 
the thermoelectric force corresponding to the temperature- 
differences of the electrodes comes fully into action. 
If this explanation be not admitted as the correct one, it 
may appear doubtful if with a flame the thermoelectric exci- 
tation does not entirely fall awa7/, and the electrolytic exclu- 
sively condition the electric behaviour of the flame. But if 
the experiments related in § 12 tell against his, others also 
can be instituted which it would be difficult o explain without 
admitting a thermoelectric excitation. They are the follow- 
ing : -  
If the apex of the flame be conducted-from to earth by a 
N2 
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platinmn pan, and a fine platinmn wire, dazzlingly white-hot, 
be brought below it into the extreme margin of the flame, 
the platinum wire shows free positive electricity. According 
to the previous experiments, however, a white-hot wire ought 
to appear nejc~tlvely charged with respect o the red-hot pan. 
In this case, therefore, the electrolytic excitation outweighs 
the thermoelectric. But if the dii~rence of temperature 
between the two electrodes be made still greater (which an 
easily be done by cooling the platinum pan with water), the 
p. olarity of the flame is reversed, the white-hot platinum wire 
,s co)~sequently now negative, as the thermoelectric theory 
reqmres it to be. 
In an experiment of this sor~ the following values were 
obtained :~ 
(1) Pall red-hot . . . . .  ( - - )  l E = + 20 
Platinmn wire white-hot . (+)  ) 
(2) Pan cooled by H~ 0 . (+)  ~E=- -32  
Platinum wire as above (-- ~)  
The values of E are considerably lower, because in thi~ 
experiment both electrodes are in the flame. At the same time 
the margin appears negative to the interior of the flame--a 
behaviour which cannot be observed under ordinary con- 
ditions. 
It can, further, be shown that an intensely white-hot plati- 
num wire in air is negative to one not red-hot in the flame. 
If the wire a b (fig. 4) was stretched at about 3 millim, distance 
fi'om the margin of the flame, and c introduced into the foot 
of the flame so as to be completely enveloped by the flame- 
gases but at the same time not to become red-hot, then like- 
wise the polarity of the flame was reversed as soon as a b was 
rendered brilliantly incandescent by the current. With the 
wire a b dark the electromotive force amounted to about 1 
daniell; with it white-hot, to about 0"17-0'2 daniell, but with 
the deflection in the opposite direction to the former: there- 
fore in this case the thermoelectric again outweighs the elec- 
trolytic excitation. 
From these and all the preceding experiments it follows 
that we cannot explain the electric behaviour of flame by 
assuming either an exclusively thermoelectric or an exclusively 
electrolytic excitation, but that we must perforce regard both 
as cooperating in producing the total electrical state of the 
flame. 
15. On the i,ro})er Electricity q/' the ~'lame. 
If we imagine two platinmn wires introduced into a flame 
and the stratum of air which envelopes it~ there arises; accord- 
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ing to the above conception, a thermoeleetrico-elee~rolytie 
element composed of 
Cold platinum I Hot air+ Hot air I Flame-gases + 
Flame-gases I Red-hot platinum. 
If  we fix our attention upon the single members of this com- 
bination`' it is proved by the experiments hat an electric exci- 
tation takes place between cold pbtinum with hot air`' on the 
one hand`' and incandescent plafinmn with flame-gases, on the 
other ; while the question is still undecided whether an elec- 
trical difference xists between the hot air and the flame-gases 
even without wires or liquids being in contac~ with those gases. 
This question is identical with that whether a proper electricity 
does or does not belong to flame. 
In order to bring this point also to a decision, le~ us here 
adduce a few more experiments`' which decidedly/,~lwa/~ against 
the existence of a proi>er electricity of flame. 
On the hypothesis that to the stratum of air A A I (fig. 1) 
enveloping the flame a certain quantum of positive electricity 
is brought by the process of combustion or by mere contact, 
at least a partial equalization of the electrieities must take 
place`' even if we take into consideration the bad conductivity 
of the two strata of gas, as soon as one or more well-insulated 
wires are passed ~transversely through the flame. But the 
potential-differeuce existing between the electrodes S and B 
(fig. 1) is ,lot at all or only very slightly altered thereby. 
I~et E be the eleetromot.ive force Without the trans~ erse wire. 
and Eu the electromotive force with it (platinmn). 
One series of experiments gave 
E =169"0 164"8 168"4 mean 167"4, 
ED=162"0 161"2 ...... mean 161"6, 
consequently a diminution of about 3 per cent. 
A second series`' when two very carefully cleaned and well- 
insulated platinum wires were passed transversely through the 
flame`' gave:--  
E. /~D. E-ED. 
Experiment I. 168"5 168"0 +0"5 
II. 158'4 158"9 --0'5 
III. 182"0 182'0 0"0 
Each of the above numbers is the mean of tlve readings ; 
and the position of the electrodes was somewhat altered fi'om 
one experiment to another; hence the difference in the num- 
bers in the same eolmnn. Therefore a partial equalization of 
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the electricity does not take place through tile introduction of 
the transverse wires. 
Further, in contradiction to the existence of a proper electri- 
city of flame is the fact that when platinum wires as homoge- 
neous as possible are used as electrodes, and are also approxi- 
mately in the same state of incandescence, the electromotive 
force of the flmne sinks to a minimum. The electromotive 
force of the combination 
White-hot platinum I Hot air+tIot air I Flame-gases+ 
Flame-gases I White-hot platinum 
was ascertained tobe 0"0013 daniell--a value which lies within 
the limits of errors of observation, and consequently may be 
put = 0. In this determination, of course, it was necessary 
to employ the method iscussed in § 11. 
For e the following values were obtained :~ 
e '+ :t'. d~2; .  e. 
+9"5 --9"0 +0 '5~ 
--1"7 --0"2 --1"9 }- Daniell-- 100; 
+7"3 --5"5 +1"8 J 
consequently e=0"0013 danM1. According to this, the elec- 
tromotivo force of the member 
Hot air [ Flame-gases 
may be put =0, and consequently a propeL" electricity of the 
flame be left out of consideration. 
The most important circumstance ontradicting the existence 
of a proper electricity of flame may be that he reversal of the 
polarity of the flame is not connected with the reversal of the 
combustion-process. 
A flame of air burning in an atmosphere of illuminating- 
.gas .exhibits the same polarity as illmninating-gas burning 
m air. 
An incandescent platinum wire in burning air was strongly 
negative to the metal (copper) out of which the flame issued; 
and a second wire, introduced into its sensitive stratum, 
received a strong positive charge, just like the base-electrode 
of an ordinary flame. The details of this experiment were as 
follows : -  
First the electromotive force of an ordinary gas-flame 
issuing fi'om a glass tube provided with a copper jet, with the 
electrodes in a determined position (fig. 2 a), ~as measured. 
A current of air was then passed through the tube, which was 
placed in a space filled with illuminating-gas, and the air- 
current ignited by the spark of an induction-apparatus. No 
source of error was given rise to by this (as we convinced 
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tT~e Electricity of Fla~7~e. 183 
ourselves by numerous preliminary experiments), since the 
two electrodes were metallically connected with one another 
and with the earth before the flame was kindled. As the 
shape of the small bluish flame was quite different fl'om that 
of a gas-flame in air, it was necessary to shift the base-elec- 
trode somewhat, in order to attain an aualogous position to 
~hat in the first experiment. 
For the electromotive force of the 
Gas-flame in air, we found E = 148 
Air-flame in gas, ,, E- - ]52 
In both cases the glowing wire was negative, the not glowing 
one positiv% consequently the apparent polarity of the flame 
the same. 
Lastly, another noteworthy circmustance should be men- 
tioned: namely~ the polarity of the air-flame appears reversed 
when the flame-electrode is in the lowest and, therefore, cool- 
est part and is no~ red-hot. We have seen, in § 13, that~ with 
an analogous position of the electrodes in an ordinary flame, 
the dark wire in the flame was always negative to one in hot 
air. There we had the combination 
Platinum~ Hot gas, Hot air, Platinum. 
But with the air-flame we have 
Platinum~ Hot air, tfot gas, Platinmn, 
consequently the same elements in inverse order, from which 
the reversal of the polarity of the flame results spontaneously. 
§ 16. Tl~eo~y and Conclusions. 
On the basis of the above experiments he following theory 
on the electricity of flame can be set up. 
By the process of combustion i itself fl'ee electricity within 
the flame is not generated; on the other hand, the flame-gases 
and the air stratum immediately enveloping the flame possess 
the property, when in contact with metals or liquids, of exci- 
ting it similarly to an electrolyte. To this electrolytic exci- 
ration is added a thermoelectric excitation~ produced by the 
state of incandescence of the electrodes. The quantity and 
kind of the electric excitation is then 
(1) Independent of the size of the flame; 
(2) Dependent on the nature, and the quality of the sm'face, 
of the electrodes ; 
(3) Dependent on the nature of the combustion-gases ; 
(4:) Dependent on the state of incandescence of the elec- 
trodes. 
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184 Lord Rayleigh on t/te Equililn'ium ofLiquld 
These conclusions are confirmed by numerous experiments; 
and no experiment has been found to contradict them. 
The decision in favour of this theory was supplied by the 
fact that glowing and cold wires separated only by heated air, 
with the exclusion of combustion-gases, showed an electrical 
difference, ttere also the latter is dependent on the nature, 
and the quali~y of the surface, of the electrodes employed, and 
on their state of incandescence. A too strong heating of the 
wires, and, therewith, also of the separating air stratum, proved 
unfavourable to the development of free electrical tension~a 
circumstance prooably due to the augmentation of the con- 
ducting-power of that separating stratmn. In accordance with 
this, wires introduced into the flame, so long as they are both 
immersed in the combustion-gases (which are relatively good 
conductors), never give the maximum of potential-difference ; 
rather this enters only when one of the wires comes into con- 
tact with only the outer air stratum of the flame (which is 
endowed with a very high resistance). 
The occurrence of a thermoelectric counterforce within the 
galvanic flame-arc is also naturally explained ,by the above 
theory. 
The questions proposed at the commencement are ~hereforo 
to be answered thus :~ttankel's theory is not in accordance 
with experiment; and the two kinds of excitation assmned 
by Buff and Matteucci must be regarded as simultaneousl~ 
causing the apparent electricity of flame. 
Wolfenbiittel, February 188~. 
XX. On the Equilibrium of Liquid Conducting ~[asses c]~arged 
with .Electricity. B~ d LORD RAYLEIGH~ _F.R.S. ~ 
I N consequence of electrical repulsion, a charged spherical mass of liquid, unacted upon by other forces, is in a con- 
dition of unstable equilibrium. If a0 be the radius of the 
sphere, Q the charge of electricity, the original potential is 
given by 
v_-_Q. 
~0 
If, however, the mass be slightly deformed, so that the polar 
equation of its surface, expressed by Laplace's eries, becomes 
~.=a( I+F I+F2+. . .  +F~+. . . ) ,  
Communicated by the Author. 
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